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(g) Method and apparatus for producing a gas containing C02, in particular for C02-fertinzation in the 
greenhouse horticulture. 

(^t) The invention relates to a method for produc- 
ing a gas containing CO2, in particular for 
C02-fertilization in the horticulture. According 
to the invention at least a part of the exhaust 
gasses produced by an installation for central 
electricity supply is seperated and entered into 
a distribution system in compressed and cooled 
state. 
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The invention relates to a method for producing 
a gas containing CO2, in particular for C02-fertiliza- 
tion In the greenhouse horticulture. 

In the modern greenhouse horticulture it is gen- 
erally known to improve the plant growth by applica- 
tion of so-called C02-fertilization, in which a gas con- 
taining CO2 is passed into the greenhouses. 

The individual market gardens are usually equip- 
ped with an own, in general gas-fired combustion de- 
vice, which is primarily used for providing heat in the 
greenhouses. The exhaust gasses released during 
firing the combustion device are currently passed into 
the greenhouses according common practice to in- 
crease the CO2 content therein. Thus, advantageous 
use is made of CO2, which is actually produced free 
while the combustion device is used as a heat produc- 
ing device. 

However, the demand for heat does not always 
coincide with the demand for CO2. In other words, the 
amount of CO2 available from the demand for heat 
usually does not coincide with the demand for CO2 for 
an optimum fertilization. 

In common practice, the combustion device will 
often be fired only to provide for the demand for CO2, 
while the produced heat will no be used efficiently. 
The C02-fertilization carried out under such circum- 
stances is obviously very uneconomically and ac- 
cording to the present opinions concerning energy 
consumption in fact not acceptable. 

An other way to provide for the demand for CO2 
- independent of a simultaneous demand for heat or 
not - is the use of pure CO2, which is delivered in liquid 
form and can be stored centrally or at the market gar- 
den itself. CO2 in liquid form is however very expen- 
sive and is in particular significantly more expensive 
than CO2 produced in a heat producing device at the 
market garden, which is only fired for the purpose of 
C02-fertilization. 

To obtain almost pure C02-gas from exhaust 
gasses released in the production of electricity, has 
a even higher cost level. 

The invention now is based on the insight, that 
large quantities of exhaust gasses produced in the 
production of electricity nevertheless can be used as 
C02-source in an economically acceptable way, in 
particular for C02-fertilization in the greenhouse hor- 
ticulture. 

Therefore, the method according to the invention 
is characterized in that at least a part of the exhaust 
gasses produced by a installation for central electrici- 
ty supply is seperated and entered into a distribution 
system in compressed and cooled state. 

Comprehensive research and calculations re- 
vealed, that in this way, by compressing the exhaust 
gasses up to for example 10 bar and accordingly 
keeping the through passage of a network of distrib- 
ution pipes limited, C02-delivery is possible against a 
costprice, which is attractive for market gardens and 



which makes it also attractive for these market gar- 
dens to obtain also heat required for heating the 
greenhouses from a common heat distribution sys- 
tem. From an environmental technical point of view, 

5 the concentration of the production of heat in a power 
plant should also have the advantage, that in a power 
plant provision for "washing clean" the exhaust gass- 
es can be established more easy than at the individ- 
ual market gardens. 

10 A preferred embodiment of the method according 

to the invention is characterized in that, prior to the 
compression, the CO2 content of the seperated ex- 
haust gasses is enriched by applying these exhaust 
gasses to an auxiliary combustion device as combus- 
ts tion gas, the exhaust gasses of which are supplied to 
a compressor. 

Despite of the costs for firing and maintaining an 
auxiliary combustion device, the costprice for the pro- 
duction of CO2 can nevertheless be lowered, be- 

20 cause due to these measures the distribution net- 
work may have smaller dimensions and also due to 
decreased compression costs. In addition, the costs 
forf iring and maintaining the auxiliary combustion de- 
vice can be compensated, by using at least a portion 

25 of the heat produced by the auxiliary combustion de- 
vice for producing steam, from which at least a portion 
can be used as power source for the compressor. 

Furthermore, the invention relates to a device for 
carrying out the above described method. 

30 The invention starts from a per se known electri- 

city production plant, comprising a combination of a 
gas turbine installation provided with a steam gener- 
ating device, having a exhaust pipe for exhaust gass- 
es, a steam turbine, having a condenser and an elec- 

35 trie generator, which steam turbine is fed with steam 
from the steam generating device, whereby the elec- 
tricity production plant according to the invention is 
characterized in that a channel is branched -off from 
the exhaust pipe of the steam generating device and 

40 is leading to a compressor, the output of which iscon- 
nectable to a distribution network. 

In a preferred embodiment, an auxiliary combus- 
tion device is accomodated in the branched-off chan- 
nel to the compressor, whereby the air inlet of the 

45 auxiliary combustion device is connected to the ex- 
haust pipe of the steam generating device and the 
output of exhaust gasses of the auxiliary combustion 
device Is connected to the input of the compressor. 
Further features of the invention will be explained 

50 below in connection with the drawing of an exampli- 
fied embodiment of the invention. 

The drawing shows a diagram of a modern elec- 
tricity production plant, in principle arranged for the 
production of electric energy (by a generator) and 

55 heat (by means of a condenser) and which is, accord- 
ing to the invention, adapted for delivering of gas con- 
taining CO2. 

The illustrated plant comprises an usual combin- 
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ation of a gas turbine installation A, a steann turbine B 
and an electrical generator C. 

The gas turbine installation A connprises the gas 
turbine 1, the air compressor 2, having an air inlet 3, 
the combustion chamber 4, which for example is fired 
with natural gas, and the so called steam generating 
device 5, having heat exchanger bundles 6 and an ex- 
haust pipe 7 for exhaust gasses. 

The steam turbine B comprises a high pressure 
part 8 and a low pressure part 9, the output of which 
is connected to a condenser 10 by means of a pipe 11 . 
The steam turbine B is fed with steam, which is gen- 
erated by passing the condensation water leaving the 
condenser 10 through pipe 12, through the heat ex- 
changer bundle 6 in the steam generating device 5, 

Thusfar, the plant is of a usual embodiment. 

According to the invention, a "branch-off pipe" 13 
with a ventilator 14 is connected to the exhaust pipe 
7, by which at least a part of the exhaust gasses, 
which otherwise would be emitted to the environment 
through channel 7, can be separated and brought into 
a compressed state by the exhaust gas compressor 
D and can be delivered to a distribution network (not 
shown) through a pipe line 15, The compressor D in- 
cludes a low pressure stage 16 and a high pressure 
stage 17, in which the compressing and compressed 
exhaust gasses between the stages 16 and 17 and 
after the stage 17 respectively are passed through 
coolers 18 and 19, having water separators, repec- 
tively. Within the coolers 18 and 19, the temperature 
of the compressed exhaust gasses can be lowered to 
70° C or less, when for example water for central heat- 
ing is used as cooling medium, in this way, a part of 
the energy used for compressing the exhaust gasses, 
can be recovered. 

Before the "separated" exhaust gasses are sup- 
plied to the compressor D, the seperated exhaust 
gasses are first pretreated in an auxiliary combustion 
device E to increase the C02-content. To that end, the 
exhaust gasses are used as combustion air in com- 
bustion device E, arranged for firing for example natu- 
ral gas, which combustion device E is provided with 
heat exchanger bundles 20 and 21 in the shown em- 
bodiment. The amount of natural gas to be fired in the 
auxiliary combustion device can be regulated in such 
a way, that the remaining amount of O2 in the exhaust 
gasses will be consumed almost totally. In this way, 
the C02-content, which is normally about 3,2 vol.%, 
can be almost tripled. Due to the increased C02-con- 
tent the required amount of compression energy will 
be substantially lowered and accordingly the costs for 
distribution will be lowered. 

The use of the relatively low-oxygen exhaust 
gasses from the steam generating device 5 as com- 
bustion air in the auxiliary combustion device E has 
a lowering effect on the N Ox-generation as a result, 
which is not only advantageous from an environmen- 
tal-technical point of view, but also an advantageous 



effect on the use as fertilization gas. 

The heat produced in the auxiliary combustion 
device E is used for the intermediate heating of the 
steam in the main steam turbine B by passing the 

5 steam from the high pressure part 8 through the heat 
exchanger bundle 21 in the auxiliary combustion de- 
vice E before supplying it to the low pressure part 9. 
The power of the steam turbine B will be herewith in- 
creased accordingly. An other portion of the heat pro- 

10 duced in the auxiliary combustion device E is used to 
produce additional steam, which is used to feed an 
auxiliary turbine 22 by which the compressor D is driv- 
en. The condensation water of the condenser 10, to 
which the output of the auxiliary steam turbine 22 is 

15 connected, is therefore passed through the heat ex- 
changer bundles 20, which bundles are connected to 
the steam inlet pipe 23 and 24, to the high pressure 
part 8 of the main steam turbine and the auxiliary tur- 
bine 22 respectively. 

20 

Claims 

1. A method for producing a gas containing CO2, in 
25 particular for C02-fertilization in the greenhouse 

horticulture, characterized in that at least a part 
of the exhaust gasses produced by an installation 
for central electricity supply is seperated and en- 
tered into a distribution system in compressed 
30 and cooled state. 

2. A method according to claim 1, characterized in 
that, prior to the compression, the C02-contentof 
the seperated exhaust gasses is enriched by ap- 

35 plying these exhaust gasses to an auxiliary com- 

bustion device as combustion gas, the exhaust 
gasses of which are supplied to a compressor. 

3. A method according to claims 1-2, characterized 
40 in that the seperated exhaust gasses are com- 
pressed up to a pressure of approximately 1 2 bar. 

4. A method according to claims 1-3, characterized 
In that at least a portion of the heat produced by 

45 the auxiliary combustion device is used for pro- 

ducing steam, which steam is used as a power 
source for the compressor. 

5. Electricity production plant, comprising a combin- 
50 ation of a gas turbine installation provided with a 

steam generating device, having an exhaust pipe 
for exhaust gasses, a steam turbine with a con- 
denser and an electric generator, which steam 
turbine is fed with steam from the steam gener- 
55 ating device, characterized in that a channel is 

branched-off the exhaust pipe of the steam gen- 
erating device and is connected to a compressor, 
the output of which is connectable to a distribu- 
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tion network. 

6. Plant according to clainn 5, characterized in that 
an auxiliary combustion device is accommodated 

In the branched-off channel to the compressor, 5 
whereby the air inlet of the auxiliary combustion 
device is connected to the exhaust pipe of the 
steam generating device and the output of ex- 
haust gasses of the auxiliary combustion device 
is connected to the input of the compressor, io 

7. Plant according to claim 6, characterized in that 
the auxiliary combustion device has one or more 
heat exchanger bundles, which are accommodat- 
ed in the steam circuit of the steam turbine as an 15 
intermediate heating stage. 

8. Plant according to claims 6-7, chatacterized in 
that the auxiliary combustion device comprises 

one or more heat exchanger bundles, which form 20 
a part of the steam condensation water circuit of 
an auxiliary steam turbine driving the compres- 
sor 

9. Plant according to claim 8, characterized in that 25 
the output of the steam turbine and the output of 

the auxiliary steam turbine are connected to a 
common condenser. 

10. Plant according to claims 5-9, characterized in 30 
that the compressor is a multistage compressor, 
whereby in the exhaust gas connection between 

the stages and in the output of the last stage a 
heat exchanger, fed with a cooling medium, a ac- 
commodated. 35 
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